Factors affecting breeding status of wading birds in the

Everglades. by Frederick, Peter C. et al.
Factors affecting breeding status of wading birds in the
Everglades.
Research Work Order #188
Final Reportfor the
u.s. Army Corpsof Engineers
Jacksonville Office
P.O. Box 4970
Jacksonville, Florida
By
Peter C. Frederick
Patricia Fontaine
Julie Heath
Greg Babbitt
Department ofWildlife Ecology and Conservation
P.G. Box 110430, University ofHorida
Gainesville, Florida 32611-0430
31 March 1999
Table of Contents
Table of Contents
List of Tables
List ofFigures
Executive Summary
Acknowledgements
Introduction
Purpose of this study
Why have wading birds declined in the Everglades?
Chapter I. Monitoring of breeding by wading birds in the WCAs of
The Everglades in 1998.
Introduction
Methods
Aerial surveys
Airboat surveys
Timing and success of breeding
Food habits
Results
Weather patterns
Hydrology
Nesting population
Geographic dispersion of nesting
Timing of nesting
Nesting success
Food Habits
Discussion
2
2
4
5
6
10
11
11
14
20
20
22
22
24
24
25
27
27
27
28
32
33
33
34
35
Chapter IT. Factors affecting the reproductive success ofwading birds
in the Everglades: field research in 1998. 37
Introduction 37
Methods 38
Results and Discussion 42
Chapter ITI. The effects ofbody condition and food resources on breeding in captive
Scarlet Ibises. 45
Introduction 45
Methods 46
Results and Discussion 48
Effects ofbody condition on reproduction 48
Sex determination using multivariate methods 50
Reproductive hormone profiling 52
Literature Cited 54
Appendix I. Locations and species compositions of colonies in WCA 2 and 3
During 1998. 60
3
List of Tables
Table 1.1. Waterlevel recession rates in the WCAs during 1992 - 1998.
Table 1.2. Summary of nest starts by species in the Everglades during 1998
Table 1.3. Summary of contents of25 regurgitated boluses offood from
Great Egret nestlings in WCA 3 during 1998.
Table 2.1. Morphological measurements of adult White Ibises trapped
In Florida during 1998.
Table 2.2. Sex ratios of nestling White Ibises in Florida as determined
By DNA characterization.
4
28
28
34
43
44
List of Figures
Figure 1. History ofwading bird nesting in the Everglades ecosystem. 12
Figure 2. Map ofthe Everglades study area. 12
Figure 1.1. Monthly deviations in rainfall during 1998. 27
Figure 1.2 . Monthly deviations in totalized wind during 1998. 27
Figure 1.3. Monthly deviations in mean monthly temperatures during 1998. 27
Figure 1.4. State at 1-9 gage in Loxahatchee NWR during 1998. 27
Figure 1.5. Stage at 2A 1-7 gage in WCA 2A during 1998. 27
Figure 1.6. Stage at 3A-28 gage in WCA 3A during 1998. 27
Figure 1.7. Numbers ofnesting pairs of wading birds, 1986 - 1998. 28
Figure 1.8. Numbers ofpairs ofwading birds in 1998, as a percentage
Ofprevious years. 28
Figure 1.9. Numbers ofpairs ofwading birds in 1998, as a percentage
Of mean pairs from 1993 - 1997. 29
Figure 1.10. Proportion of the adult population ofwading birds that breeds. 32
Figure 1.1. Map of colonies found during 1998. 32
Figure 1.12. Map of Great Blue Heron nests during 1998. 33
Figure 1.13. Map ofAnhinga nests during 1998. 33
Figure 3.1. Linear relationships between body mass and overall size of ibises. 47
Figure 3.2. Size-corrected mass measurements in relation to breeding
status of Scarlet Ibises. 48
Figure 3.3. Predicted group membership for sex of Scarlet Ibises based
upon overall size and log bill length / log body mass. 50
Figure 3.4. Mean probability ofgroup membershipusing discriminant function. 51
Figure 3.5. Predicted group membership of sex based upon bill length / log
body mass and sexual differences in how bill curvature relates to bill length. 51
Figure 3.6. Mean probability ofgroup membership based upon discriminant function.52
5
Executive Summary .
This report summarizes work done during the 1998 field season on Research
Work Order 188, for the U.S. Army Corps ofEngineers through the U.S. Geological
Service's Biological Resource Division's Florida Cooperative Research Unit.
The goals of this work were to continue the monitoring of nesting by waterbirds
in the central and northern Everglades, and to initiate research aimed at understanding
why a very large proportion of the adult wading birds in the Everglades do not initiate
nesting in most years.
Between January and July of 1998, we performed systematic aerial surveys of
WCAs 1, 2, and 3 of the central and northern Everglades in order to locate and document
breeding colonies ofwading birds. In addition, we performed systematic ground surveys
to serve as checks on the aerial work, and to document solitary nesting species, and dark
colored species not easily counted from the air.
The 1998 nesting season was unusually wet, with rainfall amounts in excess of
two standard deviations of the mean monthly maximums during February and March.
Water levels in most compartments were well in excess of one standard deviation of the
mean monthly maxima for much of the late winter and early spring. Consequently, the
spring drying event was poor, and recession rates were extremely slow, in several areas
slower than any previous years on record. Winds were much stronger and more
persistent than usua.l, particularly in the period January through March. Each of these
effects may be attributed to the strong EI Nino event of 1998.
We found a total of4,964 pairs of all wading birds (not including Cattle Egrets)
nesting within WCA 2 and 3, and 3,227 in Loxahatchee NWR. By comparison with the
last large and successful nesting event (1992), these totals are down by nearly 80%. By
comparison with the average of the last five and ten years, the 1998 ecosystem totals are
down by between 16 and 25%, respectively. By comparison with 1986/7 (hydrologically
"average" years), the 1998 ecosystem totals are down by only 7%. Nesting in Everglades
National Park was particularly poor, with less than 5% of the ecosystem total found in the
Park. This continues a trend of fewer and fewer nests in ENP over the past ten years. By
comparison with restoration goals, the breeding populations of wading birds are all well
below target levels, with the exception of Great Egrets.
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The species composition of nests continued some trends noted earlier this decade.
Wood Storks nested only in small numbers in Everglades National Park, and did not nest
anywhere else in the'ecosystem. Numbers of breeding White Ibises and Snowy Egrets
were down by 40 and 60% by comparison with the average of the previous five years.
Snowy Egrets in particular seem to be almost as rare as Wood Storks in recent years.
Great Egrets continue to increase both in absolute numbers and in their proportional
representation in the wading bird community. Their numbers have increased
dramatically since the mid-1980s, and have stabilized during the 1990's.
The distribution of nesting has been affected both by the loss ofnesting trees in
northern WCA 3 through the Melaleuca control program, and also by the loss ofwillows
in many colonies through extended high water during the mid-late 1990's. In particular,
nesting habitat in all of the largest willow colonies has been greatly reduced, in some
cases eliminated through high water and long term inundation. The prospects for
recovery of these large, unique heads are unknown, but their degradation seems to have
an effect on nesting.
We describe a method for estimating the proportion of the adult population of the
Everglades which breeds, based on annual colony counts, and on annual Systematic
Reconaissance Flight information. We demonstrate that the proportion of adults nesting
in the Everglades is low for all species, and rarely exceeds 50%. This seems quite low
for a group of birds that are not long-lived, and we present two general hypotheses to
explain the problem: 1) that the birds are not getting enough food to come into
reproductive condition, and 2) that something is interfering with the ability of birds to
process or collect enough food (lack of mates, contaminants, or other problems).
In order to investigate the strength of these two hypotheses, we have proposed to
compare breeding and nonbreeding birds in the field, on the basis of body condition, fat
indices, contaminant levels, plumage, color, sex ratio and hormonal profiles. In order to
capture breeding and nonbreeding birds, we have experimented during 1996 with three
types of traps for feeding birds, and one for breeding birds. We were able to draw in
groups of feeding birds to trap sites using white flamingo decoys. Two ofthe traps for
feeding birds did not work (hoop trap and noose carpet) despite repeated attempts.
Rocket nets were purchased late in the field season owing to the late clearance of
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research funds, and we never got a chance to try the net on birds. Based on our
experience in the field as well as the results of other studies, the rocket nets show
excellent promise. We also collected blood samples from 108 nestling White Ibises
(whole broods) at six colonies within and outside of the Everglades. We found no
obvious skews in sex ratios in those samples, with the exception ofLake Griffin in
Marion County.
In order to calibrate and better understand the information from birds in the field,
we have also initiated studies of400 captive Scarlet Ibises at a large captive facility at the
Walt Disney Co. in Orlando Fl. The studies there are designed to test for an effect of
body condition on breeding condition and breeding success, and to gather information on
hormonal profiles ofnormally breeding, and nonbreeding birds. Since White Ibises are
considered to be a color morph ofthe Scarlet Ibis, this work has direct relevance for
ibises breeding in the Everglades.
We weighed, measured, sexed, and took blood samples from 229 captive birds
during 1998 in January, prior to breeding. We were surprised to find that body condition
was quite variable among individuals of this ad lib fed population. We compared
prebreeding body condition (actual body mass / mass predicted from body size) with the
later reproductive status of each bird. We found that birds of pairs (both sexes) which
laid eggs had significantly higher prebreeding body condition than did members of pairs
which did not attempt to breed, or which attempted to breed but did not lay eggs. These
effects of body condition were independent of age, size, and dominance status of the
birds. Although this comparison should be replicated and experimentally evaluated in
1998, the current results suggest that prebreeding condition has an important influence on
whether or not an ibis breeds. The implication for the field situation is fairly clear -
prebreeding feeding conditions may be critical to bringing birds into reproductive body
condition, and in cueing birds to breed.
We have also begun measuring the hormone profiles ofbreeding and nonbreeding
birds. Through our collections from captive birds, we have demonstrated up to 3 times
more hormone in fecal samples than in blood samples. In addition, the fecal samples
have the advantage ofbeing collected from undisturbed, freeranging birds, and so are not
affected by the corticosterone in blood samples that is typical from birds which are
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captured and then bled. We collected 139 hormone samples. this year from known-aged,
known sex birds, and at minimu 62 of these samples are repeat samples from birds of
.
known reproductive condition. Although these samples have not been processed to date,
they represent an important source of information about endocrine cycles in breeding and
nonbreeding ciconiiform birds.
In addition to monitoring the breeding population, plans for 1999 include gearing
up for capturing large numbers of birds in the field, performing laporoscopies to
determine sex of these birds, and studying postcapture movements and breeding with
radio telemetry. In the captive group, we plan to further investigate the effect of food and
body condition on breeding using an experimental feeding approach.
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INTRODUCTION
Purpose of this study
This study was initiated in January of 1997 with two general goals in mind -
continued monitoring ofnesting populations ofwading birds in the Water Conservation
Areas of the Everglades, and the pursuit of directed research questions aimed at
understanding the factors associated with large proportions of the adult population of
wading birds not coming into reproductive condition. These goals have immediate value
to the larger purpose of restoring wading bird populations to the Everglades. Continued
monitoring ofwading bird populations is essential, as a tool for measuring the effect of
different water management strategies, as a method for better understanding the ecology
of this group ofbirds, and as a way to detect changes that may be due to novel influences
that may be unrelated to water management (eg, exotic fish dynamics, contaminants,
etc). An understanding ofwhy the majority of adult birds are apparently not coming into
reproductive condition is ofkey importance in restoring populations ofwading birds to
the south Florida ecosystem. Two main families of hypotheses are proposed for this
latter question - one suggests that the problem is that not enough food is available at the
right time to stimulate breeding. If this one is correct, then the current restoration process
(= hydrological restoration) is on the right track. However, a second group ofhypotheses
contend that the problem is due to or at least is worsened by, an effect of synthetic
contaminants on avian reproduction. If this is true, then even a very thorough and
expensive hydrological restoration may be inadequate to achieve restoration ofwading
bird breeding.
The research has been aimed at understanding both the characteristics of birds
with abnormal reproduction in the field, and normal reproduction in a captive situation.
For the latter, we have chosen to work on the largest captive flock of Scarlet Ibises
(Eudocimus ruber, ofwhich the White Ibis is now considered a race) at Disney World's
Discovery Island. For the field work, our plan has been to capture both breeding and
nonbreeding birds, and to compare their body condition, contaminant loads, and
hormonal profiles in an effort to ascertain the relative effects of food supply and
contaminants to breeding.
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Since the population dynamics and research on reproductive ecology are
essentially different in approach and methodology, the results of these efforts are
presented as separate chapters, each with their own introductions and justification.
However, a review ofthe history ofwading bird populations, and the probable causes of
breeding population decline are common to all three, and should be presented at the
outset.
The Everglades of southern Florida has historically supported very large
populations ofwading birds (herons, egrets.Ibises, storks and spoonbills, order
Ciconiiformes), numbering in the hundreds of thousands ofpairs in some years
(Robertson and Kushlan 1974, Ogden 1994). While there was typically large variability
in numbers nesting from year to year during the pre-drainage period, a core population of
at least one hundred thousand pairs seems to have been typical of the Everglades
ecosystem in many years from 1930-1948 (Kushlan et al. 1984, Ogden 1994). Since that
time, nesting wading bird populations have declined to less than 5% oftheir former
numbers (Figure 1), nesting success of storks has been drastically reduced, the timing of
nesting by storks has been shifted by as much as two or three months into the spring, and
the location of most nesting has shifted from the estuarine areas ofEverglades National
Park to Water Conservation Areas (WCAs) one and three (Frederick and Collopy 1988,
Bancroft 1989, Frederick and Spalding 1994, Ogden 1994, see Figure 2).
These dramatic changes in breeding dynamics and numbers have been
accompanied by an intensive period of manmade hydrological changes (Gunderson and
Loftus 1993, Light and Dineen 1994). In the space of approximately 30 years, large
portions of the freshwater marsh were diked and impounded, the majority of the northern
freshwater marshes were drained and put into agricultural production, and surface water
flows came directly and massively under the control of human management. This
resulted in an outright loss of30% ofthe marsh surface to other land uses (Browder
1978), a drastic cutoff of freshwater flows to the formerly productive estuarine zone of
Everglades National Park (Walters et al. 1992), and the loss of the majority of short-
hydroperiod marshes in the system (Fleming et al. 1994, Ogden 1994).
The record of population monitoring is both lengthy and rich, and has been
summarized in detail by Kushlan et al. (1984), and Ogden (1978, 1994). These
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Figure 1. History of wading bird nesting population in the Everglades ecosystem. Information is from Frederick andCollopy 1988,
Kushlan et al. 1984, Ogden 1994, Bancroft 1991.
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Figure 2. Map of the study area in south Florida, showing boundaries of Water Conservation Areas
1, 2, and 3, Everglades National Park, and the locations of water gaging and weather stations
and large colonies mentioned in this study.
summaries show that many ofthe heron and egret species went through a severe decline
during the plume-hunting period from 1875 to 1910, after which many populations
(Reddish Egret Egretta rufescens excepted) rebounded quite rapidly by the 1930's. An
obvious conclusion from this part of the history is that once constraints on reproduction
are removed, many ofthe species have the potential to increase rapidly and, in a healthy
Everglades environment, could presumably be sustained in large numbers.
During the 1930's and 1940's, the emerging picture is one of high variability in
annual nesting numbers, but a population of at least 100,000 pairs (all species combined)
that bred with some regularity (Kushlan et al. 1984, Ogden 1978, 1994). The largest
colonies were located almost entirely in the mangrove zone along the coast ofwhat is
now Everglades National Park. In addition, substantial summer breeding by several
species, and large summer roosting groups ofWhite Ibises (Eudocimus albus) were a
regular feature of this period. Another consistent characteristic was that Wood Storks
were recorded initiating breeding during the late faIl (November - December). Careful
analysis of breeding and hydrological records during this period suggests that larger
aggregations bred in wetter years, and that the size and success of breeding had only a
weak association with the rapidity of drying of the interior marsh surface (Ogden 1994).
In fact, the impression Ogden gives is that breeding occurred not so much under different
conditions than at present, as under a much wider range of conditions.
The period of the 1950's and early 1960's was one ofvery sporadic and almost
always incomplete surveys. At some point during this period, Wood Storks began to
decline (there is some disagreement as to the timing, see Ogden 1994), and White Ibises
began showing up in South Carolina and Georgia in more than token numbers, and in
central Florida in several very large colonies (Frederick et aI. 1995). By the late 1970's,
colonies ofWhite Ibises in the Carolinas had grown to over 50,000 birds annually,
Central Florida ibis colonies were in the hundreds of thousands ofbirds, and Wood
Storks had increased breeding numbers and numbers of colonies in north Florida, and
expanded their breeding range into Georgia and South Carolina. These movements are
most parsimoniously interpreted as an exodus of southern Florida breeding populations,
(or at some point, the progeny of the southern Florida aggregations), in part in response
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to environmental degradation, rather than solely because the northern sites offered
superior nesting opportunities (Walters et al. 1992).
By the late 1970's within the Everglades, the timing ofWood Stork breeding had
also clearly shifted from starting in November and December to starting in February and
March, and colonies ofWood Storks in Everglades National Park began to have very
poor breeding success as a result (Ogden 1994). A dramatic change in nesting location
within the Everglades was also obvious - the large mixed-species nesting colonies on the
coast ofEverglades National Park had shifted to the interior freshwater Everglades, and
the size of colonies had generally decreased. Finally, the period of the late 1960's and
1970's showed a strong and previously unrecorded relationship between nesting numbers
ofWood Storks and White Ibises, and speed of drying of the marsh surface (Kushlan et
al. 1975, Frederick and Collopy 1989a). Studies during the 1980's also revealed frequent
interruptions in nesting during wet springs, and during any reversals in the drying trend
(Frederick and Collopy 1989a, Ogden 1994).
Why have wading birds declined?
The reasons for these dramatic changes in wading bird distributions, timing of
reproduction, and breeding numbers may be related to changes in amount of available
foraging habitat, agricultural displacement, and marsh surface hydrology and water
management, all of which have affected both the robustness of prey populations, and the
ability of the birds to capture prey. The rough coincidence of massive structural changes
to surface water flows in the Everglades during the 1960's, with declines in nesting,
changes in timing ofnesting, changes in nesting responses to hydrological variables, and
movements ofbirds into other nesting regions certainly suggests a causal relationship.
During the late 1970's and throughout the 1980's, considerable research was
devoted to understanding the causes of poor wading bird reproduction. Much of this
work has been summarized in Davis and Ogden (1994), and the salient points are listed
here:
1. Wading bird reproduction is strongly dependent upon the availability of food.
Powell (1983) found that clutch size and productivity ofFlorida Bay Great White Herons
(Ardea herodias) could be increased by food supplementation, and Frohring (unpublished
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Everglades National Park Research Center report) found that prey densities in close
proximity to colonies was the environmental factor most strongly correlated with growth
rate and productivity ofyoung. Hafner et al. (1993) found that increases in productivity
ofLittle Egrets (Egretta garzetta) were associated with increased food delivery rates.
Hoyer and Canfield (1990) found that the number of wading bird species on Florida lakes
was positively influenced by eutrophic status and attendant high secondary productivity.
In the central Everglades, the timing and nature of nesting abandonments in the
Everglades are consistent with interruptions in the availability of food through increases
in water depth, dispersal of prey, increased rainfall, and low temperatures (Frederick and
Spalding 1994, Frederick and Loftus 1993). Conversely, there is direct and/or indirect
evidence that predation, human disturbance, and lack of colony substrate have a minor
influence on breeding in the Everglades (Frederick and Collopy 1989b, Frederick and
Spalding 1994). This evidence taken together suggests strongly that nesting is driven
almost directly by food supply, and that problems with nesting can be traced to
inadequacies or interruptions in food availability.
2. Wading bird foraging and nesting was often centered in coastal regions during
the past. Of all the ecosystem habitat types, wading bird prey were probably most
consistently available in the mangrove interface during the pre-drainage period, offering
pre-breeding foraging habitat and feeding alternatives during periods of high freshwater
levels that the deeper parts of interior marshes could not. This notion is supported by the
few notes on the historical pattern of feeding in the ecosystem (Kushlan et al. 1984,
Ogden 1994, W. B. Robertson pers. comm.), recorded densities of fishes (Loftus et al.
1986), modeling of predrainage interior marsh water depths (Walters et al. 1992) and by
investigation of the foraging behavior of birds breeding on the coast (Bancroft et al. 1990,
1994).
3. The productivity of the estuarine zone has been severely compromised by a
lack of freshwater flows (see review by McIvor et al. 1994). Modeling of surface water
dynamics by two different groups of investigators has shown that historic flows to the
estuary were vastly larger than at present (Walters et al. 1992, Fennema et al. 1994).
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Declines in sport fisheries, commercial shrimp fisheries, ami a number of biological
measures ofFlorida Bay salinity, provide further evidence that the productivity of the
estuarine zone has been severely compromised by the lack of fresh water (Browder 1985,
Tilmant 1989, Rutherford et al. 1989, Bowman et al. 1989, Smith et aI. 1991).
4. Within some bounds. productivity of small "bird forage" fishes in the
freshwater marshes is related to hydroperiod (Loftus et al. 1986, Loftus et al. 1992,
Loftus and Eklund 1994). Shortened hydroperiods over much ofthe southern Everglades
may well have reduced the productivity of the prey that wading birds feed upon,
particularly in the interface between freshwater marsh and mangroves, where the large
historical colonies were located. The presence of dikes is also hypothesized to impair the
ability of prey fishes to travel in the freshwater parts of the Everglades, and so may
obstruct recolonization between compartments, particularly from areas of long
hydroperiod to those of short hydroperiod.
5. Short hydroperiod freshwater marshes were also critical pre- and early-
breeding season foraging habitat for wading birds (Kushlan 1974, Kushlan et al. 1984,
Ogden 1994, Fleming et al. 1994). These high elevation marshes probably once offered
wading birds feeding opportunities during high rainfall years, as well as during reversals
in drying trend. Modeling studies have suggested that these short hydroperiod marshes
have decreased in abundance far more than have other marsh types. The lack of early and
pre-breeding feeding habitat is consistent both with the dramatically later breeding of
Wood Storks, the early departure of the majority of the wintering population in most
years, and the extreme sensitivity of the current breeding efforts to minor changes in
drying trend.
6. A combination of man-made ecological events have led to instability in the
production and availability ofwading bird food. This hypothesis suggests that the
cumulative effect of many man-induced changes has been responsible for a lack of
productivity in the Everglades marsh, and eventually, for the decline of wading birds. The
impoundment of much of the marsh into deeper pools, the tremendous reduction in area
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and hydrological isolation of short hydroperiod marshes, the shortened hydroperiod of
lower Shark River Slough, and the degradation of the coastal estuary, seem to have
sharply reduced the conditions under which robust and continuous wading bird feeding
(apparently necessary for reproduction), can occur. Such feeding opportunities now seem
limited to the impounded freshwater sections of the Everglades, during years of rapid
surface water drying in which there are few increases in water level, and infrequent or
weak periods ofcold (Bancroft et al. 1994, Frederick and Collopy 1989a, Frederick and
Loftus 1993, Ogden 1994).
These conclusions have provided a new focus for restoration policy (Walters et al.
1992, Davis and Ogden 1994, Anonymous 1993), which now includes recommendations
for increases in short hydroperiod habitat, increased flows to the estuary, greater
hydrological connection among compartments, and restoration of long hydroperiods to
northern Shark Slough as explicit components.
But contaminants may also compromise wading bird reproduction in the
Everglades. Although there seems little question that the decline of breeding wading
birds in the Everglades has been related in some fashion to hydrological alteration, there
is mounting evidence that contamination may also be having effects on wading bird
reproduction. The first line of evidence comes from a recent deduction that a very small
proportion of the available adult wading birds actually come into reproductive condition
in any year. This information arises from a comparison of the annual surveys of
reproduction, with the annual estimates ofall wading birds on the marsh surface, through
the Systematic Reconnaissance Flight surveys. In order to ensure that migrants are not
included in the counts, the comparison uses estimates of the total population taken in
May, when all breeding elsewhere in North America is well under way. In order to
avoid including juvenile birds in the estimates, a liberal 20% ofthe birds are assumed to
be juveniles (SRF counts of species in which age is obvious suggest that the actual figure
is probably much closer to <1%). And at any point in time, it is assumed that one
member ofeach breeding pair is off the nest, and counted in the SRF surveys. The
comparisons indicate that across years, an average of only 36% of adult birds are actually
forming nests. Although this proportion has been as high as 76% (1996), most years are
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much lower, and even the "banner" nesting year of 1992 showed only 49% of adults
breeding.
This evidence illustrates that one of the main problems with the Everglades
breeding population is getting the birds to initiate breeding. It is not clear why they are
not initiating breeding. One hypothesis suggests that the birds are not coming into
reproductive condition because food is limiting their reproductive energy budgets. While
this is certainly a frequently-observed cause of poor breeding success or of no breeding,
there are several reasons why this explanation does not completely fit this case. First,
wading birds are notoriously weak in their breeding philopatry, and movement in
response to dynamic food conditions is a characteristic of the order. The 73% ofadults
that do not breed in an average year should be expected to move to better areas to breed -
apparently they do not. Second, the food supply hypothesis suggests that most or all of
the birds should breed in a year with good food supply. Such a year was 1992, in which
the largest and most successful nesting event in 15 years occurred. However, Ln that year
less than 50% of the adults are estimated to have bred.
These inconsistencies may be explained by the effects of environmental
contamination. Although no comprehensive surveys of environmental contaminants have
been accomplished in the Everglades, it is known that mercury occurs at extremely high
levels throughout the Everglades aquatic food web (Frederick et al. in press, Spalding et
al. 1994, Facemeier et al. 1995, Sunlofet al. 1994). Sublethal contamination of mercury
is known to predispose wading birds to disease (Spalding et al. 1994) and in experimental
work, ambient levels in the Everglades were found to result in reduced red blood cell
counts, reduced appetite, increased lethargy, altered maintenance behavior, and reduced
hunting activity (Frederick et al. 1997, Spalding et al. in prep, Bouton et al. in press,
Williams 1996). In particular, it seems likely that the reduced appetite and increased
lethargy could contribute to decreased body condition in prebreeding birds. Mercury
could also act as a direct suppressor or disruptor ofnormal hormonal systems. In recent
work, Tim Gross of the National Biological Service has found that estrogen and
testosterone ratios in Everglades largemouth bass (Micropterus salmoides) are altered,
and that in captive bass, the addition of mercury is enough to result in significant changes
18
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in hormonal status. Whether this occurs in wading birds in the same ecosystem is
unclear.
Nonetheless, there seems to be enough evidence that is suggestive of contaminant
effects on reproduction by wading birds in the Everglades, that the hypothesis should be
evaluated.
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-Chapter 1. Monitoring of breeding populations of wading birds in the Water
Conservation Areas of the Everglades.
The argument for monitoring wading birds:
The results outlined in the introduction demonstrate that breeding wading birds
respond dramatically to hydrological change and are valuable as a monitoring tool, but
that such trends must often be monitored for a period of decades before they make sense.
In addition, even a cursory reading of the literature reveals that monitoring nearly
always yields an unexpected understanding of reproductive biology, and biological
relationships, which then become the foundation upon which biological understanding
and ecosystem management can be built. Yet these fortuitous findings are never the
stated goal of the monitoring projects. For instance, monitoring ofwading bird breeding
populations in the 1930's was aimed simply at documenting those areas that should be
protected, yet this work became one of the invaluable keys to understanding the
ecological dynamics ofbreeding in the pre-drainage Everglades. Collected in the first
two decades of this century, the full value of those data were only realized in the last two
decades of the century. Similarly, the monitoring of wading bird reactions to a modified
water delivery plan (Frederick and Collopy 1988) resulted in the surprising conclusion
that predation was a negligible factor in wading bird reproductive success (Frederick and
Collopy 1989b), and yielded detailed information on the relationship between hydrology
and breeding success (Frederick and Collopy 1989a).
There are other reasons for concentrating considerable effort on the monitoring
and restoration ofbreeding wading birds. Since these species are at or near the top of the
food chain, they can act as indicators of the health and diversity of the aquatic food web,
and of contaminants in the ecosystem (Custer and Osborn 1977, see also last part of
Introduction). The large between-species differences in foraging ecology also ensure that
a wide range of responses to any environmental change will be evident in the breeding
dynamics of the group of species.
The Everglades is unique in having an exceptionally long history of information
on populations of wading birds (nearly 100 years for some types of information). This
20
has allowed insight into the population dynamics during the·pre-drainage system, which
is central to understanding current ecosystem responses, and to divining a path for
restoration (Ogden 1994). Given the relatively large numbers ofwading birds in the
ecosystem, their unique ability to sample conditions over large areas, and the relative
ease of censusing many ofthe more conspicuous species, wading birds are a relatively
cheap and efficient way to monitor ecological change in the wetlands in the enormous
south Florida landscape. Thus wading birds are both a goal for restoration in and of
themselves, and a cheap and efficient tool for long and short-term monitoring of
restoration efforts.
The value of continuing any monitoring program also grows considerably with
the length of time since inception. This is particularly true of the Everglades wading bird
information. The record of nesting populations is now almost 100 years old. Detailed
records ofnesting effort in relation to hydrology and weather are now almost 30 years
old. And systematic documentation ofbreeding effort and marsh use in the WCAs is
now 9 years old.
A systematic program ofdocumenting breeding numbers ofwading birds
throughout most of the central and southern Everglades is now in its 13th year. This work
has been carried out cooperatively, with Everglades National Park, Big Cypress National
Preserve, the National Audubon Society, the Florida Game and Freshwater Fish
Commission, Loxahatchee National Wildlife Refuge, and the National Oceanic and
Atmospheric Administration all contributing to coverage of this area.
In this chapter, we report on nesting in the Water Conservation Areas of the
Everglades during the period January through June of 1998.
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METHODS
Study Area: This report documents nesting by ciconiiform birds in Water Conservation
Areas 1 (Loxahatchee National Wildlife Refuge), 2, and 3, as well as in colonies in
Northeast Shark Slough (NESS) region ofEverglades National Park (see Figure 2). In
this report, we have used hydrological information from the gauging stations shown in
Figure 2, and weather information from the station at the Tamiami Trail Ranger Station.
Summaries of nesting effort include information from Everglades National Park (courtesy
of Oron Bass and Joan Browder), and Loxahatchee National Wildlife Refuge.
Aerial Survey Flights: Monthly systematic breeding colony survey flights were
completed on or about the middle of each month from February through June of 1998.
These flights were designed to detect colonies (>10 nests) ofbreeding wading birds, and
are quite distinct in purpose and methodology from the SRF surveys performed since
1985 by NPS, National Audubon Society (NAS) and the Florida Game and Freshwater
Fish Commission (FGFC). The SRFs are designed to estimate the numbers of wading
birds feeding on the marsh, and do so by counting birds in strips ofquantifiable area at
low altitude. The resulting densities are then extrapolated to come up with an estimate of
birds for the entire area of interest. Methodology for the breeding survey flights is quite
different, was developed in 1986 (Frederick and Collopy 1988) and has been used
consistently since by NAS, ENP, and University ofFlorida researchers in the WCAs in
every breeding season since 1986.
Breeding colony surveys covered 100% of the marsh surface, were flown at 250-
300m altitude, at 160 km/hr airspeed in a single-engine, high winged aircraft (Cessna
182s were used in this study, though 172' s have been used almost exclusively in past
surveys), with one observer on each side of the aircraft (total crew ofthree, including
pilot). Transects were flown in east-west directions, and were spaced approximately 2.4
km apart. This transect spacing was determined empirically by flying past known colony
locations at various distances, and determining a minimum detection distance under a
variety ofvisibility conditions (Frederick and Collopy 1988). The 2.4 km spacing
allowed for considerable overlap of the detection distance on adjacent transects. Transect
spacing was occasionally decreased in poor visibility conditions, such as haze, smoke or
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glare on one or both sides of the aircraft. Since 100% coverage is achieved under any
conditions, this variable spacing is not considered an inconsistency in methodology.
Colonies were circled when located, and a position noted when the aircraft was
directly over the north end of the colony island. Positions while flying were noted using
an aviation-grade Global Positioning System (GPS). Colony locations are likely to be
accurate to 300 meters (combined maximum estimated error in positioning the aircraft
over the colony, plus estimated error in triangulation due to unpredictable, intentional
degradation ofGPS satellite signals for military purposes). For large colonies (>100
nests), numbers of nests were repeatedly counted initially from an altitude of300 m,
followed by one or two counts at low altitude (90 - 100 m). A final count was derived
from averaging successive, silent counts by both observers.
Aerial counts were considered accurate only for Great Egrets (Ardea albus),
White Ibises, Wood Storks, Snowy Egrets (Egretta thula), and Cattle Egrets (Bubulcus
ibis) (Frederick et al. 1996). While the presence ofTricolored H~!Ql!s (Egretta tricolor),
Little Blue Herons (E. caerulea), Great Blue Herons (Ardea herodias), and Glossy Ibises
~legadis falcinellus) was frequently detected by aerial surveys, aerial nest counts were
considered unreliable due to the dark plumage and more cryptic, sub-canopy nesting
habits of many of these species. For this reason, each colony was also visited on the
ground at least once during the period from the first week in April to the last week in
May, and nests were counted in each. We relied upon systematic airboat surveys to
locate colonies containing only dark plumaged species. The combination of aerial and
ground surveys has been proven to be far more efficient than aerial surveys alone, in both
detection and counting of nesting birds in the Everglades (Frederick et al. 1996).
Colonies ofLittle Blue Herons are often detectable from the air after eggs hatch,
because the young have white plumage. Comparison of aerial counts with complete
ground surveys has in the past shown that 100% ofthe Little Blue Heron colonies
containing over 100 nests were detected, and 90% ofthose containing at least 50 nests
were detected (Frederick and Collopy 1988). Little Blue Heron colonies would therefore
be undetectable from the air only if they failed prior to the hatching of young.
Surveys ofLoxahatchee National Wildlife Refuge (NWR) were performed largely
by Marian Bailey, Su Jewell, and W. G. Thomas at Loxahatchee NWR, using 35 hr of
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airboat survey effort between 23 April and 15 May. Aerial surveys ofEverglades
National Park were performed by Oron Bass and others of the South Florida
Environmental Research Center (ENP), and included ground visits to some but not all of
the colonies located.
Airboat Surveys: All colonies in WCA 2 and 3 were visited at least once by airboat
during each nesting season. Species composition, nesting numbers and stage, and
location were noted on each visit; at large colonies, estimation ofnesting phenology
within the colony, and species composition were enhanced through the use ofa 7.9 meter
collapsible aluminum tower, erected in the airboat at various points near the edge of the
colony.
Systematic airboat surveys were undertaken in order to locate smaller colonies of
dark-colored species, isolated nests and colonies of Great Blue Herons and Anhingas
(Anhinga anhinga), between late April and late June. Airboat surveys were accomplished
in all of northeast Shark Slough, WCA 2A, 3A, 3B, and parts ofLoxahatchee NWR.
Most of WCA 2B was surveyed by airboat, except for much of the northern and
northeastern part, which is a dense melaleuca (Melaleuca quinquenerva) forest. Airboat
surveys were made systematic with the use of a GPS unit, and the entire area of WCA 3
was searched in north-south strips 0.3 km wide; in WCA 2A, potential nesting habitat-is
so sparsely distributed that systematic searching could be accomplished by traplining
from tree island to tree island. In these areas, all willow (Salix caroliniana) and bay
heads were approached to within 20 m in order to flush incubating birds. Searches in
WCA 2A were conducted for the most part by staff biologists of the Florida Game and
Fresh Water Fish Commission. Searches in all areas were enhanced by reports from the
SRF surveys, and from personnel involved in research on Snail Kites (Rostrhamus
sociabilis). In addition, all colonies discovered since 1986 were visited at least once by
airboat to determine occupancy.
Timing and success of nesting
In this project, we made no attempt to systematically record nesting success via repeated
nest visits, as had been done in many earlier years (Frederick 1995). Nest success
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information is costly and time-consuming to collect, and turns out to be a difficult
monitoring tool. This is because the various aspects of nesting success (clutch size,
productivity ofyoung, nest failure rate, etc) have not been correlated with each other,
even within years. The interpretation of these nest success measures is therefore difficult
at best. Finally, the numbers of nesting pairs, rather than nesting success, have been
found to be a more consistent predictor of ecosystem productivity than have any other
measure of nest success. For these reasons, numbers of nest initiations has been deemed
a more efficient and cost effective way of monitoring nesting in the Everglades
(Frederick 1995). Nonetheless, our systematic aerial and ground surveys allow us to
monitor a gross level ofnesting success - whether or not colonies have substantial
(>50%) abandonment after initiating.
Food Habits: We collected regurgitated food samples opportunistically from young
herons and ibises during our visits to colonies (see chapter 2), and during visits that were
specifically designed for collecting regurgitant at colonies we did not go into regularly.
These samples were collected only from chicks that regurgitated spontaneously as we
approached, or which regurgitated while we were handling them for other reasons.
Marked regurgitant samples were stored individually in plastic bags and frozen for later
analysis.
Food samples were analyzed at the end of the nesting season. All intact fishes
were dissected and examined for presence of the nematode parasite Eustrongylides
ignotus and other parasites for which the fish or wading bird could serve as host. For all
samples, individual prey items were identified, weighed to the nearest 0.1 gm and
measured to the nearest mm (total length). For crayfish, shrimps and insects, body parts
usually break off rapidly after ingestion, and we weighed the accumulated total of parts
together. Food items were usually readily identifiable for herons and egrets. White
Ibises, however, feed their young a highly masticated and partly digested mass. Prey
items are much more difficult to distinguish and measure in White Ibis samples, and
require a somewhat different analysis. We dispersed each bolus in a pan with 2 ern of
water in order to separate food particles, pick out any identifiable food items, and
estimate the approximate volumetric proportions offish, shrimp, crayfish, and insects in
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the sample as a whole. This is facilitated to some extent by the fact that crustacean parts
turn red or pink in digestive juices. We suspect that soft-bodied invertebrates such as
polychaete worms would have been underestimated in our samplings because they are
digested more quickly and have no hard-body markers to distinguish their presence.
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Results
Weather Patterns
The winter and spring of 1997/8 were dominated by the El Nino event that
characterized the weather in much of the world. In the study area specifically, this meant
much higher rainfall, particularly during February and March, when monthly rainfall
totals were 2 - 3 standard deviations greater than the long-term mean in the central
Everglades (Figure 1.1). These rainfall patterns were echoed to varying degrees all over
the Florida peninsula. By April, however, there was much lower rainfall than expected,
leading to some reduction in overall water levels. The El Nino event also brought windy
conditions to the south Florida area, with totalized wind that was greater than the long-
term monthly means for January through April, and wind that was greater than one
standard deviation in excess of the monthly means in February and March (Figure 1.2).
Temperatures were well within seasonal averages, however (Figure 1.3).
Hydrology
Water levels were generally high during most of the 1998 field season. In
Loxahatchee NWR, stages were at or near 1 standard deviation in excess of the mean
monthly maxima during all of the dry season months (November '97 - April '98), with
peaks in December and again in February (Figure 1.4). In WCA 2A, water levels were
within monthly long term means until January of 1998. A marked peak in stage of
greater than one standard deviation in excess of the monthly mean maxima occurred in
January, with a very rapid decline thereafter (Figure 1.5).
Unfortunately all three gages in WCA 3A marsh were broken or not transmitting
for long periods of the spring season in 1998. The most complete of these records at 3A-
28 in southern WCA 3A shows suggests that extremely high water levels occurred there
during February and March of 1998, and that monthly maxima for each of the spring
months were at least two standard deviations in excess of the mean monthly maxima
(Figure 1.6).
These high stages were obvious throughout the season, and very deep depths were
found in all areas of the study area through April. This included areas that are typically
dry during the spring, such as Rattlesnake ridge south ofLoop Road in ENP, many areas
27
6(J)
Q)
.c 40
s:
.-
s:
.-
s: 2
0
.-
.....
cu
.-
>Q) 0
-c
-
-~
s:
'ro -2
...
~
-
..c
.....
co -4
:aB
-6
•
•
III- - _
# # ...... .. -III
,,
. ,
.IIIIII. , ., . '. ,. , ,.. ,
. , .
.
. . , .
.
•
.
"III' . ,. ,
. ,
, ,
. 1IlI'
'111. . •......
.
-
.........
.
•••••••••••••11••••••••111 •••
I I
Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 De+97 Jalt98 Feb-98 Mar-98 Apr-98 May-98
•
.. Ii· . . . . A
• • • • • • 'A' ••••.. , '"
. I ..
•
A' • • ••
•.' A •••. .. ..., i·....
.A .
. . I ..
.
. . I .
.
. . I .
.
.
.
, .
A' . .
,
, . ~. .
.
,
'A' •.•••• ·A
Figure 1.1. Monthly deviations in rainfall at Tamiami Trail Ranger Station in Everglades National Park (solid diamonds), shown in
relation to long term monthly mean rainfall (line at 0), and one standard deviation in excess or deficit ofthe mean (squares and
triangles, respectively).
100
500
400
en 300
Q)
E
-
"'C 200c::
.~
"'C
Q)
.~
n;
-o
-c::
c:: 0
o
;;
C'IJ
'S;
Q)
"'C -100
>-
.c::
-co
:B -200
-300
-400
•
•
D- - - ..............
... - ..... - .....D· ..................D
• .....
Jan-9S Feb-9S Mar-9S Apr-9S May-9S
•
A A
...... _......... Ii: _.. , _............. Ii.
Ii..··············· ~ .....
Figure 1.2. Monthly deviations in totalized wind at Tamiami Trail Ranger Station in Everglades National Park (solid diamonds)
shown in relation to long term monthly mean wind (line at 0) and one standard deviation in excess or deficit of the mean (squares and
triangles, respectively).
43
-....
.c:
Ol
'(i)
.c:
c
2CI.)to-
.c:
ra
U.
lI)
CI.)
E 1
Ol
CI.)
"'C
-lI)
c:
0 0:;:;
ra
'>CI.)
"'C
CI.)
-1to-:J
....
tV
to-
CI.)
a.
E
CI.)
-2....
>0-
J:
....
e
0
:iE
-3
-4
~•• - • - • - ••••• - - - - - - - -D •••
.
.
.
.
.
.
.
.
.
.
.
.
.
.
•
.
• 'D - - - - - - - - - - - - - - - - - - - -D •••••••••
. -.
-.............
•
u
•
Jan-98 Feb-98 M.98 Apr-98 May-98
.A
• .A' - •• - - •• - - • - • - • - - - • -A'
-...... -.... -....
.
.
.
.
.
.
.
.
.
.
.
.
'"..
.
.
.
A· • - •• - •••••• - - - - •• - -A'
Figure 1. 3. Monthly deviations in mean monthly temperature at Tamiami Trail Ranger Station in Everglades National Park (solid
diamonds) shown in relation to long term monthly mean temperatures (line at 0) and one standard deviation in excess or deficit of the
mean (squares and triangles, respectively).
19
18
17
Q)
Q)
..c
u
-n:r
..c
n:r 16
><
0
-J
C
A
•
-.
• X •
X • •
Q) X • •
I • • •
X
• •
"l'"" 15 • x •
-
X
• •n:r
Q) x x x x x
en x x x
n:r • • • •
-en x x
x x
14
•
• •
• • • •
d!
• •
• • • • •
13 I • • •
• •
• •
12
05/15/96 08/23/96 12/01/96 03/11/97 06/19/97 09/27/97 01/05/98 04/15/98 07/24/98 11/01/98
Figure 1.4. Stage at 1-9 gage in Loxahatchee National Wildlife Refuge, in feet msl, from July 1996 through July 1998. Stage is shown
as a solid line, monthly mean maxima shown as solid squares, monthly mean minima as x's, and one standard deviation in excess or
deficit of the maxima or minima as solid triangles and solid diamonds, respectively.
15
AA
14.5 -I I
•
AA
A
A
+
• •
+
•
A A
+
•
+
•
•
+
•
•
A
•
A
A
A14
lJ)
E 13.5 -1------lr------:---.t.-----.-----;:----....---4+Jf------..~-----J.... • •• 1 \ .... I-
11 -I. ... V' •
•
.....Q)
~
-N 13 -I )« \ J 't •o I':>' I I ,:> ' I-
.s 12.5 ' I
.....
•
or-
« 12 -I It I \ J • \ ... , u IN 1"" I "
.....
lU
Q)
OJ 11 5 _I_ • ' j. \/ \J Im . ~\ "
.....
(J)
• •
10.5
•
10
May-96 Aug-96 Dec-96 Mar-97 Jun-97 Sep-97 Jan-98 Apr-98 Jul-98 Nov-98
Figure 1.5. Stage at 2A 1-7 gage in WCA 2A in feet msl, from July 1996 through July 1998. Stage is shown as a solid line, monthly
mean maxima shown as solid squares, monthly mean minima as x's, and one standard deviation in excess or deficit of the maxima or
minima as solid triangles and solid diamonds, respectively
6/4/984/15/982/24/981/5/9811/16/979/27/97
I
\
\
•
1
•
-I~
•
•
I
.
\
•
.-. •
•
1"'- \
• \
I •
,
I
•
• •
~
•
•
\
• •
• •
\
•
-
\
•
L-
•
•
I
•
\
•
-
I
.1-
I
-
•
I
.1-
•
I
.1---
•
L
•
•
1
• I
I
"'1
9.9
10
9.8
8/8/97
10.8
10.7
10.6
10.5
«
C"')
« 10.40;:
c:
co 10.3N
I
C"')
.....
CI1
Q) 10.2
Ol
RS
.....
fI)
10.1
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triangles, and breaks represent periods with no data available.
ofBig Cypress National Preserve, northern Loxahatchee NWR, and the extreme
northwest comer ofWCA 3A.
The high stages were also reflected in very slow drying rates (Table 1.1), which
have been associated in some instances with nesting effort and nesting success ofwading
birds in the Everglades (Kushlan et al. 1975, Frederick and Collopy 1989). During 1998,
we found stage increases (4 mm/day) instead of recession during the early part of the
season (November through January) in WCA 2, a rate exceeded only in 2.9% of the years
in the long-term record. In Loxahatchee NWR, early drying rates were slower than over
65% of the years in the long-term record, and late drying rates were slower than all but
3% of the years in the long term record. For both WCA 2 and Loxahatchee, there were
no years in the long term record in which both early and late drying rates were slower
than those exhibited in 1998. The recorded daily water levels at all three of the gages in
WCA 3 were so spotty and incomplete that drying rates for WCA 3 could not be
calculated. Given the extremely high stages and evidence of meteoric rise in stages
during early 1998, it seems likely that drying rates were extremely slow in WCA 3 as
well.
In the context of the past several years, 1998 was a high water year in the context
of an extended period of high water, beginning in 1992/3. The Everglades has not had a
significant drydown event since 1991.
Nesting population
We found a total of4,964 pairs of all wading birds (not including Cattle Egrets)
nesting within WCA 2 and 3, and 3,227 in Loxahatchee NWR (Table 1.2, Figure 1.7, see
Appendix I for complete listing of colony locations and species abundances). By
comparison with the last large and successful nesting event (1992), these totals are down
by nearly 80% (Figure 1.8). By comparison with the average of the last five and ten
years, the 1998 ecosystem totals are down by between 16 and 25%, respectively. By
comparison with 1986/7 (hydrologically "average" years), the 1998 ecosystem totals are
down by only 7%.
These patterns are not necessarily reflected by all parts of the ecosystem. In
particular, nesting in Everglades National Park continued the decline characteristic of the
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Table 1.1. Water level recession rates (mm/d) in the Water Conservation Areas, with comparisons
the year in question with historical records at each station. Note that negative values indicate
rising water, positive values indicate falling water. Percent exceedance refers to the percent
of years in the record in which the drying rate is less than that of the current year.
% Exceedance % Exceedance % Exceedance Both
Early Drying Late Drying Early and Late Drying
Year Station Early Dry Late Dry Rate* Rate* Rate*
1998 3-4 n.a. n.a. n.a. n.a. n.a.
1998 1-9 1.48 -0.516 34.3 2.85 0
1998 2A 1-7 -4 -0.043 2.9 20 0
1997 3-4 2.63 1.419 57 42 36
1997 1-9 2.19 0.581 51.5 15.2 3.03
1997 2A 1-7 4.12 2.77 94.1 73.5 70.5
1996 3-4 6.99 5.68 100 100 100
1996 1-9 0.14 0.383 25.0 3.5 0.0
1996 2A 1-7 11.50 0.646 96.9 34.4 34.4
1995 3-4 -0.90 5.95 0.0 100.0 0.0
1995 1-9 0.97 0.21 32.1 10.7 3.6
1995 2A 1-7 0.55 3.50 28.1 87.5 2~O-
1994 3-4 2.56 -1.08 58.6 6.9 3.6
1994 1-9 1.49 0.42 21.8 9.3 3.1
1994 2A 1-7 3.32 -4.67 90.0 3.3 3.3
1993 3-4 0.22 -0.40 10.0 10.0 3.3
1993 1-9 -0.33 3.91 14.8 7.8 0.0
1993 2A 1-7 -1.45 0.22 12.9 29.0 3.2
1992 3-4 2.29 2.63 24 38 14
1992 1-9 2.01 1.47 46 54 21
1992 2A 1-7 3.16 2.09 82.1 53.5 44.4
Tablel.2. Summaryof numbers ofnest starts by species in the Everglades ecosystem during the 1998 breeding season.
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Figure 1.7. Numbers of nesting pairs of ciconiiform birds in the Everglades ecosystem from 1986 through 1998. Species designations
are: SE = Snowy Egret, TC = Tricolored Heron, LB = Little Blue Heron, GE = Great Egret, WI = White Ibis.
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Figure 1.8. Numbers of pairs of all wading birds nesting in 1998 in the Everglades ecosystem, expressed as a percentage of nesting
totals for previous years, by geographic location.
past 20 years (Figure 1.8). By comparison with the last five and ten years, the 1998
nesting effort was down by 42 and 50%, respectively. By comparison with 198617, the
1998 season produced a nesting cohort that was down by nearly 80%. As a partial result
of these low numbers in ENP, the percentage of the total ecosystem population that
nested in the WCAS was 96%, continuing a trend of increasing percentages nesting in the
WCAs, that has continued during the last 15 years.
The species composition of nests continued some trends noted earlier this decade.
Wood Storks nested only in small numbers in Everglades National Park, and did not nest
anywhere else in the ecosystem. Numbers of breeding White Ibises and Snowy Egrets
were down by 40 and 60% by comparison with the average of the previous five years
(Figure 1.9). Snowy Egrets in particular seem to be almost as rare as Wood Storks in
recent years. Great Egrets continue to increase both in absolute numbers and in their
proportional representation in the wading bird community. Their numbers have increased
dramatically since the mid-1980s (Figure 1.7), and have stabilized during the 1990's.
This is probably the only species for which target restoration breeding numbers have
been reached. Tricolored Herons appear to be stable, though it is difficult to compare
population size of this dark-colored species with any counts prior to 1992, when
systematic ground surveys were initiated. Similarly, Little Blue Herons also appear to be
stable, but similar problems in earlier counts of this species make more detailed
statements of population trend impossible. A small cohort ofRoseate Spoonbills nested
in Alley North, but their success was not recorded.
Numbers of Great Blue Heron nests have been counted systematically in WCA 3
since 1992. Their numbers have built steadily to a peak of about 500 nests in 1995, with
a slow decline thereafter. The apparent upturn in numbers during 1998 mayor may not
be a trend. There are now enough data to suggest that this species' population fluctuates
slowly across years. As with most previous years, nesting by this species was
overwhelmingly concentrated in WCA 3.
Proportion of adults nesting
Both systematic breeding colony surveys and Systematic Reconnaissance Flights
(SRFs) have been flown over the central Everglades since 1986. By comparing these
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Figure 1.9. Numbers of nesting pairs ofwading birds in the Everglades ecosystem, expressed by species as a percentage of the mean
numbers of pairs from 1993 - 1997.
counts, it is possible to assess the proportion of the adult population on the marsh which
breeds.
The SRF survey methodology estimates total numbers ofbirds on the marsh
surface, which is composed ofbreeding birds out feeding, nonbreeding birds, and
juvenile birds. The breeding bird surveys estimate only those birds in colonies. Both
surveys have trouble in estimating the numbers of dark-colored species, and we have
tried to get rid of the whole problem of dark-colored species by relying largely on the
easily-identified, white-colored species only (Great Egrets, White Ibises, Wood Storks).
Many birds counted during winter months must surely be birds that breed
elsewhere in North America, and are winter migrants. Our analysis has tried to control for
the effect of migration by looking only at estimates ofbreeders and nonbreeders in May.
Since birds everywhere else in North America are deep into breeding at this time, I feel
confident that migrating birds have already left the Everglades by May, and we are
dealing with birds that are staying put rather than fluxing around.
We have supposed that on average, one bird from each nesting pair is out on the
marsh foraging during most of the time. This is likely an accurate guess, since one
member of the pair is on the nest for close to 80% ofthe nesting period. For a few days
in courtship, both members are on the nest, and for the tail end of the nestling period,
both members are likely to be on the marsh.
So, the nonbreeders are estimated as the total SRF estimate minus half the
breeding population, or
Nonbreeders = SRF - (breeders*O.5)
The entire population would be nonbreeders plus breeders, or
Population = (SRF - (breeders*.5)) + breeders
The proportion of the population breeding would be
Breeders
Population or
30
Breeders
((SRF-(Breeders*. 5))+Breeders)
May is generally too early for young of the year to be appearing on the marsh
(they are still in the nest). The Everglades does not seem to be a "nursery" ground and
does not seem to attract large numbers ofjuveniles. This comes partly from our own
observations, and partly from the SRF estimates from last winter of the "chocolate"
colored juvenile ibises - less than one percent of the total. Even if the surveys
underestimate these dark birds by one hundred percent, we still only have 2 or three
percent juveniles. Note that in our calculations we have assumed very liberally that 13%
ofthe population is juvenile. This is to bias the calculation in the direction of finding a
high proportion ofbreeders, rather than low. The 13% figure comes from a simple
demographic model we have constructed of a relatively stable population, which includes
the most likely fecundity and age-specific mortality figures, and which predicts roughly
13% of any standing stock would be juvenile (1- 3 yrs of age). An estimate ofjuveniles
would be 13% of the total population, or
((SRF-(Breeders*. 5))+Breeders) *0.13
So the estimate of the proportion of the adult population that is breeding in May becomes
Breeders
((SRF-(Breeders*. 5))+Breeders - ((SRF-(Breeders*.5))+Breeders) *0.13
Note that this estimate tends to produce an estimate that is biased somewhat in favor of
finding a high proportion of breeders, simple because we have probably overestimated
the juveniles. Note also that we have probably underestimated the nonbreeders for two
reasons. First, there is some indication that the SRF estimates are underestimators of the
true population of birds on the marsh, because of the clumped distributions typical of
wading bird foraging flocks. Second, this takes into account only those birds on the
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marsh north ofTamiami Trail- those south are still potential breeders in my mind and
should be counted in as well. Since the area south ofthe Trail contributes relatively few
breeders (usually <20% ofthe total in the Everglades) it seems likely that the
denominator for the ecosystem will grow even larger relative to the numerator ifwe
include south of the Trail. So we are biasing the estimate of proportion of adults breeding
in the direction of finding a high proportion, but are coming up with a low proportion.
The proportion of adult birds that we estimate to be breeding are shown by year in
Figure 1.10. The proportions breeding fluctuate considerably, but in most years do not
exceed 50% ofthe potential adult population in May. During 1998, this proportion was
low by comparison with most recent years, except for Great Egrets, ofwhich nearly 70%
bred.
Geographic dispersion of nesting.
The distribution of colonies is shown in Figure 1.11. Although the locations of
nests in ENP and Loxahatchee NWR are not shown here, the nesting for the ecosystem
was clearly concentrated in the WCAs (>98%) during 1998, and much ofthe nesting was
in WCA 3, with relatively little nesting in WCA 2. Major colonies in 1998 were Alley
North and Hidden colonies, and no other colonies were above 1,000 pairs. Although
nearly all of the colonies typically active during the 1990s were active in some regard,
there were some exceptions. L-67 and Andytown colonies were very reduced in size,
almost certainly as a result of a loss of nesting habitat. In these colonies, and in Alley
North, we have noted very obvious losses ofwillow habitat over the last three years, to
the point that there is virtually no nesting habitat in L-67, and that in Andytown is so
reduced that the colony head is almost unrecognizeable. These vegetative differences are
likely to have been the result of the extended high water period.
Nesting by Great Blue Herons and Anhingas was concentrated in WCA 3, and
almost no nesting occurred in WCA 2 in 1998 (Figures 1.12 and 1.13, respectively). This
follows a pattern that is typical ofnearly all years in which these species have been
surveyed for intensively during the 1990's. During 1998, the distribution of Great Blue
nests seemed to be concentrated in the southern end ofWCA 3, and relatively little
nesting occurred north of Alligator Alley. It is likely that this is a direct result of the
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Figure 1.10. Proportion of the adult population present in the Everglades in May, that is estimated to have bred in each year from 1987
through 1998. See text for explanation of estimation techniques.
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Figure 1.11. Map of the study area, showing the locations of colonies in 1998, by size of
colony. Squares represent colonies of over 1,000 pairs, diamonds are colonies of 100-
1,000 pairs, circles are colonies of 10 - 100 pairs, and crosses are colonies of 1 - 10
pairs.
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Figure 1.12. Locations of all nests and colonies of Great Blue Herons during 1998.
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Figure 1.13. Locations of all nests and colonies of Anhingas found during 1998.
widespread destruction of potential nesting trees north of the Alley by Melaleuca control
crews.
Timing of nesting:
During 1998, wading birds nested quite late by comparison with all years on
record. For example, our first recorded Great Egret nests were in mid-late March, and the
bulk of nesting was in April. This is the first year of our records in which there were no
Great Egrets nesting by the end ofFebruary, and the bulk of nesting was a minimum of4
weeks later than usual. The same was true to a lesser degree for the small herons, which
began at least two weeks later than usual, in late April and early May. White Ibises nested
in May and June, which is either late by two months, or normal, depending on the year(s)
of comparison (Frederick 1995). The lateness of nesting has been echoed throughout
Florida and much of the southeastern U.S. during 1998, with nesting by Great Egrets late
by over a month in Gainesville (pers. obs, PCF) and by three weeks in Rookery Bay and
Tampa (T. Below, R. Paul pers. Comm).
Nesting success
Although nesting success was not measured systematically during 1998, we
recorded our impressions formed by repeated aerial surveys, and by repeated ground
visits to colonies. No major abandonment events were recorded for Great Egrets, and
large numbers of fledglings were noted at each of the colonies where Great Egrets nested.
White Ibises nested only at Alley North colony, we noted a considerable reduction in
numbers ofbirds nesting between the systematic survey in the middle ofMay, and the
first week in June. The exact magnitude of this reduction is difficult to estimate, since
many ofthe birds were still courting in May. However, it seems safe to say that at least
half the nests were gone by early June. Ground visits in early June revealed large
numbers of abandoned ibis nests in the colony. No other major abandonment events
were noted in the study area during 1998. Great Blue Heron nests generally had large
young in them by late May, though the possibility exists that early nesting attempts had
poor success.
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Food habits
As part of a long-term study of food habits in Great Egrets, and of the importance
of exotic fishes in wading bird diets in the Everglades, we collected regurgitated food
from Great Egret nestlings in 1998. We collected a total of25 boluses from nestlings at
Hidden, Tamiami West, Alley North, JW2, L-67 and 3B Mud canal colonies (Table 1.3).
We found that Great Egret nestlings fed predominantly upon large fishes, mostly
in the families Centrarchidae and Cichlidae. These two families of fishes made up over
53% ofthe biomass of the regurgitated boluses. Ofthese, Centrarchids (sunfishes) made
up the lion's share, with over 55% ofthe biomass, with warmouth (Lepomus gulosus)
making up 19% of the biomass. Cichlids and other non-native fishes (principally pike
killifish Belonesox belizanus) made up 22% ofthe biomass, a not insubstantial proportion
of the diet. These findings are similar to those of previous years (Frederick et al. in
press) and demonstrate that Great Egrets take large fishes, have an almost completely
piscivorous diet, and that the proportion of the diet made up of non-native fishes can be
substantial.
34
·Table 1.3. Summary of contents of25 regurgitated boluses offood from Great Egr
nestlings at Hidden, Tamiami West, Alley North, JW2, 1-67, and 3b Mud
colonies in WCA 3 of the Everglades during 1998.
Total number of boluses
Animals per mean
bolus S.D.
25
3.04
2.87192
Mass of
boluses (gm)
mean
S.D.
38.0068
26.3835
Bellonesox belizanus
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
Cichlasoma bimaculatum
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
Cichlasoma urophthalmus
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
Cichlid unknown
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
61.69
0.06
6.00
0.24
7.23
0.01
1.00
0.04
104.34
0.10
10.00
0.40
49.20
0.05
3.00
0.12
Table 1.3. (continued)
All non-native fishes
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
Erimyzon sucetta
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
Unidentified Fundulus
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
Lepomis gulosus
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
Lepomis punctatus
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
Unidentified Centrarchidae
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
222.46
0.22
20.00
0.80
85.46
0.09
2.00
0.08
56.00
0.06
1.00
0.04
189.95
0.19
6.00
0.24
185.69
0.18
7.00
0.28
174.20
0.17
11.00
0.44
Table 1.3. (continued).
All Centrarchidae
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
unidentified fish
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
Crayfish (Procambarus spp.)
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
Odonate adult
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
Odonate larvae
Biomass
Proportion of total biomass
Number of samples found in
Proportion of samples
549.84
0.55
24.00
0.96
82.94
0.08
9.00
0.36
4.15
0.00
2.00
0.08
2.22
0.00
3.00
0.12
1.16
0.00
3.00
0.12
-------._--_._----------_._--_._---_.~._---_._-_._-------------,
Discussion
The 1998 field season was one of extremely high water, high rainfall, high winds,
and normal temperatures. Based on previous experience, we would have predicted a
mediocre to poor nesting season based on these parameters alone (Frederick and Collopy
1989, Frederick and Spalding 1994). In fact, the nesting season produced below average
nesting by comparison with most measures, for most species. Nesting success was
notably poor for White Ibises, which tend to be very sensitive to water level fluctuations
and to deep water conditions (Frederick and Collopy 1989). Wood Storks hardly nested
at all, and the current nesting population in the Everglades ecosystem may be termed
vestigial.
The lateness ofnesting was really unprecedented in the recorded history of the
Everglades. Great Egrets, which typically fluctuate in nest initiation by only one or two
weeks from year to year, nested a full month late in 1998. In addition, the numbers of
birds on the marsh surface were small by comparison with previous years. The
proportion of adult birds nesting was also small for Wood Storks and White Ibises, but
not for Great Egrets. The delay in nesting was almost certainly due to the high winds,
high rainfall, and high stages in the marsh that typified the 1998 season.
The 1998 season continued a number of trends that have typified the nesting
during the high water years ofthe period 1993 - 1997. Wood Storks nested in very small
numbers; White ibises nested in small numbers but did so relatively early by comparison
with the late 1980's and early 1990's. Great Egrets continued to increase, both in
absolute numbers and as a proportion of the total nesting population. And the proportion
of birds nesting inside the WCAs continued to increase to close to 100%. This suggests
either that the WCAs are becoming more attractive, or that Everglades National Park is
becoming much less attractive as a breeding site. Finally, the numbers ofbirds counted
on the marsh surface seems to have undergone a drastic decline since about 1993. The
reasons for the latter pattern are not clear, though the lack of a really cold winter may be
a partial cause.
The 1998 season falls far short in nearly all markers of restoration ofwading bird
populations (Ogden et al. 1996). All species were well below target breeding population
sizes, except for Great Egrets, and breeding success parameters for Wood Storks and for
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White Ibises have not even been approached. In addition, the continued decline of
nesting in Everglades National Park is in direct opposition to the stated goal of attracting
more of the nesting there (Ogden et al. 1996).
It should also be noted that the 1998 season was at minimum the fifth consecutive
year of high water and long hydroperiod in the central and northern Everglades. This
pattern has continued unbroken since 1993, with some particularly high water events in
1995 and 1998. One of the most obvious effects has been to dampen the numbers of
birds using the marsh during the winter months. In addition, and perhaps more
importantly, there have been some obvious shifts in vegetative composition, particularly
in the deeper sections of the marsh. One of the most prominent of these shifts has been
the death ofwillow (Salix caroliniana) in many of the larger willow head colonies in
WCA 3, such as Alley North, Andytown, Big Melaleuca and L-67 colony. Several of
these heads now support little or no nesting, and there is no regeneration of any woody
vegetation going on. These willow heads are unique in their size, and it is unknown how
important these unique heads are in the stimulation of large colonies. At present, most of
these heads still have enough living vegetation for rapid regeneration during drydown.
However, it will not be much longer before these large willow heads disappear entirely
with continued high water.
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Chapter Il. Factors affecting the reproductive status of wading birds in the
Everglades: Field studies in 1998.
Introduction
Over the past 40 years the number of breeding wading birds in the Everglades has
decreased dramatically. Reasons for this decline remain unclear. Previous research
examining population factors such as reproductive success show no consistent differences
between birds nesting in the Everglades and birds nesting elsewhere. However, aerial and
ground survey results over the past 10 years indicate that while many birds may be
foraging in the marsh or roosting in trees only a small proportion of these birds actually
come into reproductive condition. For example, in most years during the past ten, fewer
than 50% ofthe adult White Ibises in the Everglades attempt to breed (see Figure 1.10,
Chapter I). If these non-breeding birds were to attempt to breed, White Ibis breeding
populations would roughly double, and may rebound to levels characteristic of the early
1960's. It should be noted that these estimates of nonbreeding adults are conservative for
a number of reasons - the proportion ofjuveniles in the population we used is
unrealistically high (13% instead of the 0.22% measured by the SRF flight crews this
year), and the estimates of birds on the marsh are probably underestimates because of the
clumped nature ofwading bird distributions on the marsh. These errors all suggest that
the proportion of adults breeding is actually lower than we have estimated. The estimates
suggest that the proportion of adults of all species that breed is about 35% on average,
and the annual averages for each species are remarkably similar - about 35%. Thus the
lack of breeding by adults is quite pervasive across species, and although there is some
annual variation, it is remarkably low in most years.
The causes of this lack of breeding are unknown. We hypothesize that either 1)
the proximate factors (eg, food supply, sufficient mates) necessary to stimulate
reproduction are not present, or 2) the birds do not respond physiologically and/or
behaviorally to these proximate factors. Lack of response to environmental conditions
could be a natural part of ibis life history (i.e. they do not breed every year), or a result of
toxicological problems, such as exposure to mercury or other contaminants. There is
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little empirical or theoretical support for the idea that wading birds normally do not breed
every year.
We are interested in examining the proximate factors affecting White Ibis
reproduction in the Everglades. We feel strongly that detailed study of the ibis situation
may yield insights for other wading bird species in the Everglades as well. Our approach
is to directly compare hormonal status, body condition, and contaminant levels in
breeding and non-breeding ibis in captive and free-living situations. Such comparisons
may elucidate where the ibis reproduction cycle is interrupted. In combination with the
studies of captive ibis reproduction (Chapter II), we hope to be able to compare breeding
hormonal cycles in captivity with those in the field. We also hope to be able to use the
information on captive birds to give us some thresholds for breeding body condition.
This coupling of field and captive studies may allow us to identify nonbreeders in the
field, and to distinguish the possible influences of food supply and contaminants in the
breeding cycle.
This section ofthe 1998 report outlines the results of our first field season
examining the reproductive biology of free-living White Ibises. Our goals this year were:
1) to develop successful trapping methods for birds feeding in the marsh and birds
nesting in the colonies, 2) record White Ibis presence in the marsh and in breeding
colonies (see survey report), and 3) examine nestling sex ratio and hormone levels to
check for possible containment levels and effects of contaminants at the nestling stage.
Methods
The field work this year consisted of developing a method for trapping
nonbreeding and breeding birds within the Everglades, and collecting information on
primary sex ratios in nestling birds both within and outside the Everglades. Our study
species has been the White Ibis (Eudocimus a/bus).
Our target comparisons of breeding and nonbreeding birds stipulate that we be
able to capture adult birds both on the nest (breeding) and at feeding sites in the marsh
(breeding and nonbreeding).
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1) Trapping adults on the marsh
To successfully trap birds on the marsh we needed a method to lure birds to a trap
area. With some modifications, we replicated methods employed by the Dale Gawlik of
the South Florida Water Management District (SFWMD) using white plastic flamingos
on 1m-steel legs as decoys to attract birds. While luring birds we recorded how many
decoys we used, the number of decoys with their heads up versus head down, density of
decoys, water depth, vegetation, distance to nearest change in vegetation, number and
species ofbirds that landed with the decoys, and length of stay.
Once birds landed with the decoys, we attempted to trap them with one of two
methods. First, we tried noose carpet traps. Each carpet was constructed of chicken wire
mesh laid on a 1 x 1 m steel rod frame. Approximately 75 monofilament nooses were
fastened to the mesh with a knot and super-glue. Five noose carpets were placed among
the decoys. The carpets were submerged approximately 4 em under the water surface.
We tied meter long elastic chords to each carpet and fastened the other end to iron stakes
hammered into the ground to anchor the carpets. Birds were supposed to become
entangled in the nooses when they stepped on top ofthe carpets. The second trap we used
was a 4 m x 5 m rectangle bow net. The bow net was constructed from conduit rods
attached to a gate hinge on either side with a 10 cm transverse spring. We attached
volleyball nets to the rods to serve as the bow net. This technique requires that birds land
within a specific area that can be covered once the trap is sprung.
Our final trapping technique is a 31 m x 19 m net launched by black powder
rockets over birds foraging within the decoys. Because the contract for our budget was
not fully approved until late April, we were unable to purchase and use this equipment
during the time that birds were available in the study area. We were able to assemble the
components of the trap, construct a launching box that allows use over water, and test the
system over water. We are reasonably confident that this method will work for three
reasons. First, it has been used on other herons and storks with good success in other
wetland areas. Second, it is an active trapping technique, allowing us to choose the
moment of capture. Finally, although it was difficult to lure birds to a specific area of20
m2 as in the case with the bow net, it is likely that we can lure birds to an area of 589 m2
for capture with the rocket net.
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2.Trapping adults on the nest:
To trap nesting birds we used a cylinder nest trap designed by Frederick (1986).
The trap is composed of 2" by 2" wire mesh with a 0.5 m x 0.5 m trap door that is
triggered by a bar that the birds must push as they enter the trap. The trap is secured over
the nest by tying it to surrounding branches and vegetation.
Once adults were trapped, we collected up to 3 ml blood from brachial veins,
marked the bird with a USFWS aluminum band, measured mass using hanging Pesola
scales, measured straight and curved bill length, noted bill and tarsus color, measured bill
width, wing chord, tarsus length, and keel, and collected 4 - 5 feathers from the scapular
region for mercury analysis. If adults were trapped on nests with eggs, we marked the
nest with orange flagging tape and returned weekly to determine hatch date. From chick
age and hatch date we can extrapolate the breeding stage when blood samples were
collected. We are in the process of analyzing the hormone levels from the blood of these
adults.
From late April until late June our team made visits to breeding colonies in central
Florida to test nest traps, collect breeding bird hormone levels, and collect nestling
information. We visited colonies on Discovery Island located at Disney World, Lake
Griffin, Seahorse Key and Teneroc Mine.
Nestling sex ratio:
At five different colonies we collected small (20 (ul) blood samples for DNA sex
determination of nestling White Ibises. We collected blood from the brachial vein, and
measured bill length and mass of the nestlings. We attempted to collect blood from all
siblings in each nest. At three of the colonies (Discovery Island Orange Co., Lake Griffin,
Marion Co. and Teneroc Mine, Marion Co.) we were able to identify siblings and hatch
order. Samples collected from nestlings at Seahorse Key (Levy Co.) and Alley North
(Broward Co.) were older than birds collected from the other colonies and could jump
from their nests into others, thus we were unable to identify siblings or hatch order at
these nests.
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Blood samples were processed minimally in the field using collection kits
supplied by Zoogen Co. Samples were sent to Zoogen 1 - 2 months following
collection, and sex determination was done by Zoogen.
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Results and Discussion
Our field season started slowly, both because the funding was not available until
April, and because the high water conditions (see Chapter I) resulted in very few birds in
the Everglades for much of the field season. In February and March we were able to
work with a small group of ibis (500 individuals) roosting and feeding in Big Cypress
National Preserve (BCNP). As an indication of the water levels, this area south ofLoop
road is typically one of the driest sections of the Everglades in most years, but in 1998
was one of the only areas shallow enough to attract ibises to forage. During these
months, this was the only group of White Ibis we found in all three of the Water
Conservation Areas and BCNP. As the season progressed (around late March) the White
Ibis in BCNP began to disperse and we were unable to find White Ibis in our study area
again until mid June. These patterns are also reflected in the SRF distribution patterns for
spring of 1998.
Trapping birds on the marsh and on nests:
Our success with the bow net and the noose carpets was not encouraging. In 15
attempts with the bow net, no birds landed within this range of the net. This suggests
either that the net was too conspicuous, or that it was simply too improbable for the birds
to stand in the relatively small area of the net.
Although we are certain that birds landed on the noose carpets, we trapped no
birds with this technique. Unfortunately this is a fairly passive trapping technique and
unless the bird spends a considerable amount oftime on the carpet it is unlikely to
become tangled. Indeed, this trapping method is most successful with raptors attempting
to talon a prey item under the noose carpet. In addition, wading bird feet may not be as
rough as raptor feet, and so are not as easily entangled in the nooses.
We attempted to lure birds to decoys on 28 different occasions. On 20 of those
occasions wading birds visited the decoy site. The decoys were successful in bringing in
seven species (including White Ibis) ofbirds for an average length of stay of3.41 (±
2.87) minutes. None of the variables including: number of decoys, density of decoys,
number of decoys with heads up, water depth, or distance from tree island, significantly
affected the number ofWhite Ibis that landed at the decoys or the amount of time they
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remained at the decoys (stepwise linear regression;p > 0.30). We feel confident that this
method will continue to be successful for attracting ibis to specific trapping areas.
Although we were unable to trap birds on the marsh this year, we developed luring
methods and constructed a trap that will be successful.
The cylinder nest traps proved successful 15 times out of 57 attempts (5048
minutes). Thus, although inefficient, these traps are fairly successful at capturing
breeding birds. We trapped nesting birds from 10 May 1998 through 17 June 1998. Four
adults were trapped at Lake Griffin, two at Teneroc Mine, and nine at Discovery Island.
We handled birds on average 28 minutes (± 2.16 min). As expected male ibis were
significantly larger than females (Table 2.1). Two adults that were trapped while
incubating eggs never returned to the nest and abandoned their nest attempts. In each of
these cases the period ofblood collection was long, in fact the two longest (20,23
minutes). We have since reduced our blood collection time to an average of 11.6
minutes. Hormonal analysis is still underway at the time ofwriting.
Table 2.1. Morphological measurements ofadult White Ibis in Florida, 1998. Results
reported as means ± standard error of all birds trapped in all colonies.
Bill eurvatur Bill width
Gender (n) (em) (mm) Tarsus (em) Keel (mm) Wing (em) Mass (g)
Female (12 14.3 ± 0.20 17.3 ± 0.42 7.7 ± 0.24 80.1 ± 1.80 27.1 ± 0.29 763.6 ± 24.3
Male (3) 18.2 ± 0.25 19.6 ± 0.85 8.8 ± 0.35 90.9 ± 1.01 29.9 ± 0.11 1102.5 ± 63.2
Brood sex ratio and nestling hormone levels:
We captured 108 nestlings from 22 May 1998 through 11 July 1998 (Table 2.2).
Only Lake Griffin nestlings showed a sex ratio significantly different than 50:50 (chi-
square, p = 0.04). Indeed, Lake Griffin is unusual in that it is exposed to waste from a
thermometer factory as well as pesticide and nutrient-intensive agriculture. The lake was
experiencing eutrophic conditions when we were visiting. Gender was not affected by
clutch size or hatch order. Moreover, results from the Everglades colony (Alley North)
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are interesting. Although the sample size is small, these data suggest a 50:50 nestling sex
ratio, which may indicate young birds are not being affected by toxins. Further research
will add insight to this relationship. Hormonal analysis is still underway at the time of
writing.
Table 2.2. Sex ratios of nestling White Ibis in Florida as determined by genetic tests.
Location Female Male Unknown Total
Alley North 6 7 13
Discovery Island 13 18 1 32
Lake Griffin* 7 17 24
Seahorse Key 12 8 20
Teneroc Mine 10 7 2 19
Total 48 57 3 108
*significantly different from 50:50 sex ratio (p =0.04)
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Chapter III. The effect of body condition and food reso1;Irces on breeding in captive
Scarlet Ibises (Eudocimus ruben.
Introduction
Work on captive Scarlet Ibises is a pertinent and necessary complement to the
work outlined in Chapter II. The captive situation allows us to associate a particular
hormonal sequence, plumage color, and body condition with breeding or nonbreeding
individuals. This may provide a helpful key to identifying breeders and nonbreeders
captured in feeding flocks, and may also provide threshold values with which to compare
birds in the field. A primary goal of our research on captive Scarlet ibises is to determine
to what extent internal body reserves in the months prior to the nesting season may limit
the ability of ibises to breed. A secondary goal is to document and compare the
reproductive hormonal profiles of breeders and non-breeders in order to develop a means
of discriminating breeders that can be used while netting wild birds. Since White Ibises
are now considered to be a color morph of the Scarlet Ibis, work with the latter species is
likely to have relevance for White Ibises breeding in the Everglades.
In some species body condition prior to the breeding season can be shown to
affect both timing and decision to breed. Birds in good body condition will often breed
earlier or more readily than birds in poor body condition. However, not all species rely
upon body reserves for breeding. Some, like ducks, have been shown to rely almost
exclusively on external cues such as food obtained on or near their breeding grounds. In
the latter situation, decision to breed is not reflected by fat reserves within the bodies of
the birds, nonetheless, food supplies are important regarding the physiological decision to
attempt breeding. Some species show little evidence of nutrient limitation and will
attempt breeding with little regard to body condition or food supply. Currently, we know
very little about the role that macronutrient resources and body reserves play in decision
to breed in any wading bird. We do know that ibises are very flexible about when and if
they will attempt breeding both in captivity and in the wild. In the wild, breeding is
associated in different geographic locations with conditions that result in very high
abundances and availabilities of aquatic prey. Social cues certainly playa role in breeding
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colony formation and may influence abandonment as well. The great deal of contingency
with regard to breeding in Scarlet and White Ibises suggests that reproductive decision is
probably the result of a very complex process.
Working with captive birds allowed us to easily track breeding cycles of known
individuals throughout the season and to relate this information to body condition.
Compared to wild birds, captive birds often interact according to a much more structured
dominance hierarchy. Poor condition in captivity is usually the result of lack of access to
food due to these abnormally intense social dominance situations. Poor condition in wild
birds is usually the result of an inability to find food. We assume that the affect of poor
body condition upon the tendency to attempt breeding is the same in both captive and
wild birds despite the fact that poor body condition may be caused by different factors.
The degree captive Scarlet Ibises rely on body reserves for attempting breeding is
of interest for two reasons. First, if we find that ibises require and internally store a
certain level of reserve in order to breed, then we will have a means of assessing feeding
conditions through the handling of the birds themselves. Second, regardless of the former
result, we should still gain a much better understanding of what factors stimulate
breeding attempts. We hope to understand whether the lack ofbreeding in wild colonies
in South Florida is likely to be the result of the lack of proper food resources at the
specific time during which a decision to breed is being made. Or perhaps it is the result of
an inability to build up proper body reserves due to a long term underproduction of food
resource within the environment.
Methods
In collaboration with Walt Disney World Co., we have studied breeding, body
condition, dominance interactions, and hormonal status in the largest captive group of
Scarlet Ibises in existence (>300 individuals) at the Discovery Island facility near Lake
Buena Vista, Florida. In February, March, and April, we trapped 229 birds from the
aviary, drew blood by brachial venipuncture, weighed them and measured bill and tarsal
length. All birds were digitally photographed during this procedure. We observed nesting
behavior with binoculars from the end ofMarch to mid-July noting who paired with
whom and how far and how fast breeding progressed. Since January 1998, we have spent
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over 440 hours observing the nesting birds, collecting fecal samples for hormonal
analysis and observing dominance interactions.
We determined body condition as mass corrected for structural size. An overall size
factor was determined as the maximum variance accounted for by five body and bill
measurements (using a principal component factor analysis). Body mass was regressed
upon this factor for overall body size. Size-corrected mass is an individual bird' s
observed log body mass (grams) minus an expected log body mass based upon the
separate linear relationships between body mass and size factor scores for each sex. See
Figure 3.1.
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Figure 3.1. Linear relationships between body mass and overall size were used to
determine an expected mass corrected for structural size.
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Results and Discussion
Effects ofbody condition on reproduction
We were pleased to find a lot ofvariation in body condition in the Discovery
Island flock. Size corrected mass ranged evenly from about 20% below to 20% above
average with 30 % below average as the lower limit at which a bird can survive. We
found that males and females from pairs that laid eggs had significantly higher size-
corrected mass in the months prior to breeding than males (p = 0.05, ANOVA), and
females (p = 0.012, ANOVA) that did not attempt breeding or pairs that did attempt but
did not produce eggs (Figure 3.2).
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Figure 3.2. Size-corrected mass measurements taken in February 1998 in relation to
annual breeding status of Scarlet Ibises at Disney's Discovery Island
This result suggests that body reserves accumulated in the months prior to the
breeding season may be important in determining whether ibises can successfully
produce eggs. The fact that we found some birds in below average condition attempting
to nest is suggestive that ibises may sometimes be able to successfully nest without strong
body reserves. Perhaps birds in poor condition can sometimes join existing breeding
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colonies and follow other birds in the breeding colony to find food supplies adequate for
producing eggs. It is interesting and perhaps somewhat unusual that male body condition
is also associated with successful egg production within pairs. In a socially monogamous
species like the Scarlet Ibis where males take on a considerable energetic expense when
caring for young, we might expect that male condition is necessary successful fledging.
But naturally, egg production is an expense born wholly by the female. Is nest-building
and nest defense a considerable energetic expense for males? Are females more likely to
lay eggs for males in higher condition who will perhaps make better fathers? If so, how
do females gauge the condition of their mates? Do they acknowledge how well they are
guarded at the nest during the period when they are fertile?
Other interesting associations that we noted were that males with higher measures
of curved bill length or bill curvature bred significantly earlier than other males. Bill
depth, curved bill length, bill curvature and, to a lesser degree, tarsal length were
correlated significantly to age in males. Body mass was positively correlated to age in
females. And dominance in males was most significantly correlated to the straight bill
length or reach of the bill.
Next season, we are hoping to conduct a supplemental feeding experiment in
order to verify that the correlation ofbody condition and egg production is not the
response to unquantifiable factors such as dominance status, parasite load or mate choice
etc. We will randomly choose birds to hold back in different groups. We will
supplementally feed some of the groups a high fat fish diet that will probably increase
body condition, then look for a difference in breeding status later in the season. We also
hope to devise a multiple bird feeder that can weigh individual birds throughout the
season in order to determine what proportion of size corrected mass is due to a
hyperphagic behavioral response, and whether short-term increases in mass immediately
prior to breeding can affect breeding success.
We also hope to further investigate some of the other nuances of breeding such as
pair fidelity and divorce with respect to success in the previous year and assortative
and/or non-random mating with respect to body condition or other character traits. We
also hope to gather more reliable data on fledging success, clutch size and brood size.
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Sex Determination of Scarlet Ibis using Multivariate Methods
Scarlet Ibis exhibit some sexual dimorphism with respect to size and bill
morphology. Males are on average about 11% larger than females, with bills averaging
22% longer. Wide variation of morphologic measurements within sexes creates some
overlap between sexes. This permits sex determination of about 80-85% average
probability correct based upon linear and mass measurements alone. Because males have
proportionally larger bills compared to their bodies than do females, we tried using
several ratios ofbill length to different measures of body size. A particularly useful
measure for sexing ibis in our group is the log straight bill length / log body mass. When
this measure is used in a discriminant analysis with the overall size factor score
determined in the previous section, we can morphometrically sex adult birds with an
average accuracy of95%.: See Figures 3.3 and 3.4.
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Slight sexual differences in bill morphology can also be used in conjunction with the bill
length / body mass ratio in a discriminant analysis as a means to sex birds that is
independent of size. See Figure 3.5 and 3.6.
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Figure 3.5. Predicted group membership of sex based upon bill length / log body mass
and sexual differences in how bill curvature relates to bill length.
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The bill curvature ratio in the above analysis is the observed bill
curvature/expected bill curvature, were the bird male, divided by observed bill
curvature/expected bill curvature were the bird female. Expected curvatures were
computed by linear regression of curvature against curved bill length for males and
straight bill length for females. Bill curvature is an index whose values are equal to one
minus the ratio of straight bill length divided by curved bill length.
This methodology should be tested against another group of ibises ofknown sex
in order to be properly assessed. We hope that they may be of use when working with
ibises in future field studies.
Reproductive Hormonal Profiling
Radioimmunoassay of serum and fecal samples simultaneously collected from the
ibises in February of 1997 showed very low correlation between fecal and serum
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testosterone levels. The same result was found when comparing fecal and serum estradiol
levels. This was most likely due to a combination of handling stress and a rather long gut
passage time. Steroid hormone levels in the blood are often acutely affected by
corticosterone manufactured during handling period of the birds. In addition, hormone
levels in feces often do not match those found in the bloodstream because fecal hormone
levels approximate an average blood hormone level during the entire length of time ofgut
passage. In an ibis-sized bird this can be as long as 18 hours or more. We extracted over
three times as much hormone from fecal samples than from serum, so we are confident
that fecal hormone analysis will give us the best representation ofhormonal conditions in
the birds. This season, we collected 139 usable fecal samples from known individuals in
the aviary throughout the breeding season and 62 of these samples were collected from
breeders at various stages ofthe nesting cycle. We are still waiting for our lab to process
this season's fecal hormone samples.
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Appendix 1. Locations and species composition of colonies and single nests found in WCA 3 and 2 during aerial and ground surveys conducted from
January through July of 1998.
Latitude Longitude
COLONY decimal degrees WOST WHm GREG SNEG TRIC LBHE GRBH GLm CAEG BCNH DCCO GBHE ANHI RoSP Total
Hidden 25.7988 80.8430 5 360 111 663 2 30 1,171
Alley North 26.1892 80.5258 500 475 60 40 15 6 10 1,106
2Bse-20 26.1467 80.3783 60 15 90 300 1 150 616
TTW 25.7586 80.5459 250 6 200 456
Mud Canal 26.0100 80.4608 30 95 17 20 275 3 440
TTE 25.7586 80.5084 57 1 5 250 313
CypressCity 26.1242 80.5429 120 1 12 133
Starter Mel. 25.9408 80.6224 40 80 120
Big Mel. 26.0467 80.6250 105 2 107
Unknown 26.1457 80.7447 105 105
3BEMud 25.7970 80.4945 100 100
Unknown 26.1443 80.7502 100 100
Unknown 25.9623 80.5720 40 12 1 40 93
Unknown 26.1443 80.7502 85 85
.
Heron alley 25.7976 80.5346 28 42 3 1 9 83
Crossover 25.9400 80.8317 80 80
Unknown 25.7983 80.7627 80 80
Unknown 26.0490 80.6167 75 75
L-67 25.9555 80.5653 62 4 66
North 3A 26.1224 80.7819 60 3 63
Unknown 26.1010 80.4540 50 2 10 62
JW2 26.1253 80.7323 30 10 10 10 1 61
Unknown 26.1435 80.7493 60 1 61
Unknown 26.3300 80.5012 60 60
Latitude Longitude
COLONY decimal degrees WOST WHm GREG SNEG TRIC LBHE G.fBH GLm CAEG BCNH DCCO GBHE ANHI RoSP Total
Unknown 25.9652 80.8207 15 40 55
Andytown 26.1250 80.5046 13 3 35 51
Unknown 25.9168 80.5987 1 2 45 48
Unknown 25.8383 80.5255 47 47
unknown 25.9225 80.8300 40 40
AGCanEa 25.7982 80.4834 38 38
3B-NAGC 25.8275 80.5200 35 1 36
North3A 26.0341 80.6747 5 30 1 36
Unknown 26.0158 80.6590 36 36
Unknown 26.1233 80.7282 35 35
Unknown 26.1150 80.6598 35 35
3B-NAGC 25.8399 80.5315 10 3 2 2 15 32
Unknown 25.8497 80.5317 32 32
JWnew 26.1088 80.7527 25 4 29
Unknown 26.1393 80.3892 29 29
Unknown 26.1300 80.7008 28 28
Unknown 26.1343 80.7025 25 25
.
3A 25.8190 80.6775 7 16 23
Unknown 26.1093 80.7850 23 23
Unknown 25.8150 80.6043 22 22
Unknown 26.1300 80.7035 20 1 21
Unknown 26.2913 80.5832 20 20
unknown 25.9662 80.5727 20 20
Unknown 26.2095 80.8220 19 19
AGCanEa 25.7977 80.4942 16 16
2A 26.2585 80.3668 15 15
west3A 25.9797 80.7419 4 10 14
Latitude Longitude
COLONY decimal degrees WOST WHm GREG SNEG TRIC LBHE GRBH GLm CAEG BCNH DCCO GBHE ANHI RoSP Total
North 3A 26.1358 80.7821 10 3 13
west3A 25.8035 80.8034 10 3 13
west3A 25.9334 80.7584 10 3 13
3B-NAGC 25.8470 80.5274 7 2 1 2 12
west3A 25.8168 80.7726 12 12
west3A 25.9607 80.7302 1 11 12
3A 25.9517 80.7270 1 10 11
west3A 25.9640 80.7526 2 9 11
west3A 25.8477 80.7496 1 10 11
Unknown 25.8168 80.7665 10 10
west3A 25.9128 80.7324 3 7 10
3A 25.8194 80.6714 9 9
Unknown 26.1105 80.7522 6 3 9
Unknown 25.9154 80.6308 2 7 9
3A 25.7558 80.6722 1 7 8
Unknown 25.9296 80.6797 1 7 8
Unknown 26.1163 80.6589 2 2 1 3 8
.
Unknown 25.9792 80.6579 8 8
Unknown 26.1633 80.4347 8 8
west3A 25.9139 80.7329 1 7 8
west3A 25.8935 80.3667 3 5 8
3BNAg Ca 25.8947 80.5039 1 4 1 1 7
3B-NAGC 25.8475 80.5762 2 4 1 7
3B-NAGC 25.8475 80.5315 7 7
Unknown 26.1348 80.7369 2 5 7
west3A 26.0021 80.7619 2 5 7
3A 25.8273 80.7056 1 5 6
LatitudeLongitude
COLONY decimal degrees WOST WHm GREG SNEG TRIC LBHE GRBH GLm CAEG BCNH DCCO GBHE ANm RoSP Total
3A 25.8515 80.6725 1 5 6
3BNAg Ca 25.8946 80.5142 1 3 2 6
North 3A 26.1122 80.7447 4 2 6
Unknown 25.8190 80.6775 4 2 6
Unknown 26.0145 80.6310 3 3 6
west3A 25.8308 80.7536 6 6
3A 25.9425 80.7317 2 3 5
3BNAg Ca 25.8334 80.5036 2 1 2 5
3B-NAGC 25.8403 80.5275 5 5
Unknown 26.1097 80.7533 5 5
Unknown 25.9543 80.6844 5 5
Unknown 26.0054 80.6428 3 1 1 5
Unknown 25.8548 80.6407 1 4 5
3A 25.8634 80.7062 4 4
3A 25.9543 80.6844 4 4
3A 25.9518 80.6784 4 4
3BCe1l2 25.7898 80.5753 3 1 4
.
N3A 26.1286 80.7154 1 1 1 1 4
Unknown 26.1128 80.7446 3 1 4
Unknown 25.8333 80.6573 2 2 4
Unknown 26.0148 80.6313 4 4
Unknown 26.3272 80.4398 4 4
west3A 25.8587 80.7438 4 4
3A 25.9405 80.8130 1 2 3
3A 25.7777 80.7326 1 2 3
3A 25.5988 80.7130 3 3
3A 25.8778 80.7089 3 3
LatitudeLongitude
COLONY decimal degrees WOST WHm GREG SNEG TRIC LBHE GRBH GLm CAEG BCNH DCCO GBHE ANHI RoSP Total
3A 25.8644 80.7061 3 3
3A 25.9336 80.7033 3 3
3A 25.9406 80.6805 3 3
3BCe1l2 25.7868 80.5705 3 3
3BNAg Ca 25.8656 80.5160 2 1 3
3B-NAGC 25.8205 80.5012 1 2 3
3bNWAG 25.8190 80.6126 3 3
North3A 26.1249 80.7770 3 3
Unknown 25.9897 80.6726 3 3
Unknown 25.9790 80.6553 3 3
Unknown 25.8989 80.6293 1 2 3
Unknown 26.0244 80.5407 3 3
west3A 25.8873 80.7703 3 3
west3A 25.8316 80.7575 3 3
west3A 25.9291 80.7553 3 3
west3A 25.9109 80.7316 1 2 3
3A 25.7971 80.7312 1 1 2
.
3A 25.9122 80.7252 1 1 2
3A 25.9102 80.7206 1 1 2
3A 25.8781 80.7056 2 2
3A 25.8440 80.7046 1 1 2
3A 25.8462 80.7033 1 1 2
3A 25.7810 80.6890 1 1 2
3A 25.9302 80.6879 2 2
3A 25.8356 80.6855 2 2
3A 25.8356 80.6845 2 2
3A 25.9296 80.6797 1 1 2
Latitude Longitude
COLONY decimal degrees WOST WHm GREG SNEG TRIC LBHE GRBH GLm CAEG BCNH DCCO GBHE ANHI RoSP Total
3A 25.9453 80.6756 1 1 2
3A 25.9456 80.6752 1 1 2
3A 25.8193 80.6712 2 2
3A 25.9039 80.6695 2 2
3A 25.8172 80.6687 1 1 2
3BCe1l2 25.7802 80.5755 1 1 2
Unknown 25.8432 80.6454 2 2
Unknown 26.0845 80.6267 2 2
Unknown 25.9755 80.6257 2 2
Unknown 25.9149 80.6073 1 1 2
west3A 25.8026 80.8086 1 1 2
west3A 25.9807 80.7962 2 2
west3A 25.8663 80.7642 2 2
west3A 25.9805 80.7605 2 2
west3A 25.9478 80.7587 1 1 2
west3A 25.9562 80.7530 2 2
west3A 25.9940 80.7470 2 2
.
west3A 25.9377 80.7365 2 2
west3A 25.9132 80.7325 1 1 2
west3A 25.9377 80.7321 2 2
west3A 25.8588 80.7306 2 2
west3A 25.8748 80.7286 2 2
3A 25.7840 80.7317 1 1
3A 25.7865 80.7314 1 1
3A 25.7790 80.7287 1 1
3A 25.9746 80.7239 1 1
3A 25.7220 80.7095 1 1
Latitude Longitude
COLONY decimal degrees WOST WHm GREG SNEG TRIC LBHE GRBH GLm CAEG BCNH DCCO GBHE ANHI RoSP Total
3A 25.8505 80.7049 1 1
3A 25.8634 80.7044 1 1
3A 25.8445 80.7013 1 1
3A 25.8811 80.6942 1 1
3A 25.8124 80.6932 1 1
3A 25.7940 80.6896 1 1
3A 25.9286 80.6876 1 1
3A 25.8356 80.6865 1 1
3A 25.9767 80.6859 1 1
3A 25.8361 80.6855 1 1
3A 25.8256 80.6834 1 1
3A 25.8852 80.6831 1 1
3A 25.8819 80.6831 1 1
3A 25.9714 80.6808 1 1
3A 25.8090 80.6786 1 1
3A 25.8464 80.6780 1 1
3A 25.8145 80.6758 1
.
1
3A 25.9325 80.6757 1 1
3A 25.8277 80.6757 1 1
3A 25.8321 80.6736 1 1
3A 25.9178 80.6674 1 1
3A 25.8952 80.6626 1 1
3B gbhsur 25.8997 80.5309 1 1
3BNAg Ca 25.9026 80.5442 1 1
3BNAg Ca 25.9105 80.5306 1 1
3BNAg Ca 25.8794 80.5299 1 1
3BNAg Ca 25.8946 80.5099 1 1
Latitude Longitude
COLONY decimal degrees WOST wmn GREG SNEG TRIC LDHE GRBH cum CAEG DCNH DeCO GBHE ANID RoSP Total
3BNAg Ca 25.8194 80.5036 1 1
3BNAg Ca 25.9301 80.4677 1 1
3B-NAGC 25.8369 80.5534 1 1
3B-NAGC 25.8240 80.5200 1 1
North 3A 26.0693 80.7722 1 1
North 3A 26.0746 80.7298 1 1
Unknown 26.0203 80.8093 1 1
Unknown 26.0031 80.6644 1 1
Unknown 25.9701 80.6586 1 1
Unknown 25.9134 80.6377 1 1
Unknown 26.0766 80.6304 1 1
Unknown 25.8776 80.6280 1 1
Unknown 26.1441 80.3916 1 1
west3A 25.9572 80.8156 1 1
west3A 25.7949 80.8101 1 1
west3A 25.8338 80.8082 1 1
west3A 25.9062 80.7982 1 1
.
west3A 25.7744 80.7974 1 1
west3A 25.7984 80.7946 1 1
west3A 25.7928 80.7935 1 1
west3A 25.9317 80.7892 1 1
west3A 25.7966 80.7836 1 1
west3A 25.9053 80.7763 1 1
west3A 25.8917 80.7688 1 1
west3A 25.8497 80.7615 1 1
west3A 25.7978 80.7596 1 1
west3A 25.9937 80.7468 1 1
LatitudeLongitude
COLONY decimal degrees WOST WHm GREG SNEG TRIC LBHE GRBH GLm CAEG BCNH DCCO GBHE ANHI RoSP Total
west3A
west3A
west3A
west3A
west3A
west3A
west3A
west3A
west3A
west3A
Totals:
25.9938
25.9140
25.9178
25.9130
25.9100
25.9092
25.9682
25.8738
25.8560
25.9104
80.7465 1 1
80.7363 1 1
80.7331 1 1
80.7325 1 1
80.7312 1 1
80.7308 1 1
80.7293 1 1
80.7282 1 1
80.7272 1 1
80.7230 1 1
WOST WHI GREG SNEG TRIC LBHE GRBH GLm CAEG BCNH DCCO GBHE ANHI RoSP Total
o 535 2,979 226 803 209 8 0 615 22 193 179 1,240 10 7,019
